Research
Hortic. bras., v35, n.2, Apr. -Jun. 2017 L ettuce (Lactuca sativa) is one of the most widely grown leafy vegetables in Brazil. However, several phytosanitary problems can limit the productivity of this crop, including fungi, viruses, bacteria and nematodes. Root-knot nematodes, especially Meloidogyne javanica and M. incognita are among the most important parasites of lettuce (Wilcken et al., 2005) , particularly because most cultivars are susceptible to them (Fiorini et al., 2007; Rodrigues et al., 2012) . These species are particularly significant in regions with high temperatures (Fiorini et al., 2007) that favor reproduction and fast growth of populations, which can result in losses of up to 100% of the production, depending on the infestation and cultivar used (Charchar, 1995) .
The main symptom observed on diseased plants is the presence of galls on the roots, which are shorter and with few lateral roots penetrating the soil, resulting in reduced uptake of water and nutrients from the soil. The aerial parts are affected and yellowish, stunted, smaller, lighter and withered lettuce heads may be seen in the warmest periods of the day (Pinheiro et al., 2013) .
When a population of root-knot nematodes becomes established in one area, eradication is practically impossible, requiring the use of integrated pest management (IPM) measures. The use of resistant cultivars is the most desirable method for reducing these populations, especially because they do not increase production costs and pose no risks to the environment. However, it is limited by the susceptibility of most cultivars to the parasite and lack of resistant genotypes adapted to different growing regions (Fiorini et al., 2007 
ABSTRACT
Root-knot nematodes are among the major phytosanitary problems on vegetables, and the use of organic matter can be a viable method to control this parasite. Thus, in the present study we aimed to investigate in a greenhouse the use of bokashi doses (organic compound produced by fermentation of grain mixtures) in the control of Meloidogyne javanica in lettuce. Substrate infestation was carried out using tomato seedlings transplanted into pots containing 2 kg of autoclaved soil and inoculated with 2000 eggs and eventual second stage juveniles. After 60 days, the aerial part of the tomato plant was discarded and lettuce seedlings of cv. Vera were transplanted, adding bokashi at doses of 0, 5, 10 and 20 g/pot. One second treatment consisted in the application only at the time of transplant and another to reapply the same dosages in surface 15 days after transplanting. Forty-five (45) days after transplanting, vegetative (dry and fresh weight of aerial part) and nematological (galls and nematodes/g of root) parameters were evaluated. Doses close to 14 g/pot increased the vegetative growth and doses between 13 and 14 g/pot controlled the nematode. The application time did not affect the most of parameters studied.
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RESUMO Doses de bokashi no controle de Meloidogyne javanica em alface, em casa de vegetação
Nematoides das galhas destacam-se entre os principais problemas fitossanitários em hortaliças e o uso de matéria orgânica pode ser uma alternativa viável para o controle desses parasitas. Assim, objetivou-se avaliar, em casa de vegetação, o efeito de doses de bokashi (composto orgânico produzido pela fermentação de uma mistura de grãos) e da reaplicação do composto no controle de Meloidogyne javanica em alface. A infestação do substrato foi realizada utilizando plântulas de tomateiro transplantadas para vasos contendo 2 kg de solo autoclavado, inoculadas com 2000 ovos e eventuais juvenis de segundo estádio. Após 60 dias, a parte aérea foi descartada e novas plântulas de alface foram transplantadas, adicionando-se bokashi nas doses de 0, 5, 10 e 20 g/vaso, nos sulcos de plantio. Os tratamentos foram realizados em duas épocas: apenas no transplante e no transplante + reaplicação superficial após 15 dias. Após 45 dias do transplante, avaliou-se parâmetros vegetativos (massa fresca da parte aérea e da raiz e massa seca da parte aérea) e nematológicos (galhas e nematoides/g de raiz). Observou-se que, doses próximas a 14 g/planta aumentaram o desenvolvimento vegetativo e doses entre 13 e 14 g/ planta controlaram o nematoide. Contudo, a época de aplicação não afetou a maioria dos parâmetros estudados.
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et al., 2012) . Chemical control has not been recommended, since the nematicides available in the market are highly toxic, and there are no products registered for lettuce to nematode control in Brazil (Mapa, 2016) .
There are alternative methods for the management of these parasites in lettuce, including the growing of antagonistic leguminous crops (Santana et al., 2012) , that, in addition to reducing nematode populations, improve the biological, physical, and chemical characteristics of soil (Chieza et al., 2013) . However, in this control method, the area for crop rotation must remain temporarily unavailable for the cultivation of susceptible vegetables and, typically, lettuce producers make intensive use of small areas (Dutra et al., 2003) .
In this context, the use of organic matter is preferred because of its several benefits, such as increase in the population of natural enemies (Oka, 2010) and improvements in the physical and chemical properties of soil, including base saturation, porosity and conductivity of water, resulting in improved plant growth and greater tolerance to the nematode infection (McSorley & Gallaher, 1995; Oka, 2010) .
Despite the positive results obtained for the control of nematodes in vegetables with the use of organic matter (Lopes et al., 2009; Roldi et al., 2013; Dias-Arieira et al., 2015) , some promising sources, such as bokashi, have not been properly assessed, and information about doses and times of application is needed. Roldi et al. (2013) found that bokashi (organic compound produced by fermentation of grain mixtures) had the potential to control M. incognita in tomato plants, significantly reducing the number of galls and eggs of the nematode and improving plant growth. Later, in the assessment of different sources of organic matter, the use of bokashi (Garden Bokashi, Korin ® ) promoted the greatest reduction in M. incognita population in lettuce (DiasArieira et al., 2015) .
The present study aimed to assess the efficiency of the use of different doses and reapplication of bokashi to the control of M. javanica in lettuce, in greenhouse.
MATERIAL AND METHODS
The experiment was conducted at Universidade Estadual de Maringá, Umuarama, Paraná State, Brazil (23º47'28''S, 53º15'23''W, altitude 430 m), in a completely randomized design, in 4x2 factorial arrangement (four doses and two times of application), with five replications. Pots with 2 kg of soil, mixed with sand (2:1), previously autoclaved at 120ºC for 2h, were used as experimental unit. The experiments were conducted in August-December 2015, in two different environments, namely: plastic greenhouse without shading and plastic greenhouse with shading intensity of 50%.
To substrate infestation, tomato seedlings cv. Santa Clara after 15 days of germination (produced in polystyrene trays, using commercial substrate Bioplant), were transplanted into pots. Five days later, the seedlings were inoculated with 2000 eggs and secondstage juveniles (J2) of M. javanica. The inoculum used was obtained from pure nematode population multiplied on tomato roots cv. Santa Clara (identificated by esterase isoenzyme) and was extracted according to the methodology proposed by Hussey & Barker, adapted by Boneti & Ferraz (1981) , which consists in processing the infected root system in a blender with hypochlorite 0.5% and sequentially passed the processed by sieves 60 and 500 mesh, respectively. The suspension was calibrated for 500 eggs and possible J2/mL, and quantification was made with Peter's counting chamber, under an optical microscope. The inoculum was deposited in four equidistant holes opened in the soil around the plant stem.
After 60 days of inoculation, the aerial part of the tomato plant was discarded and the soil upturned. Then, one seedling of susceptible lettuce cv. Vera produced in tray was placed in each pot, as previously described for the tomato plant. On the day of transplant, the treatments were applied to the soil and incorporated into 5 cm soil depth, and consisted of doses of 0 (control); 5; 10 and 20 g of bokashi/pot (equivalent to 0, 2.5, 5.0 and 10.0 g/kg soil). These doses were applied at two different times: one application only at transplanting and other application at transplanting and reapplication 15 days later. The selection doses were based on search of Roldi et al. (2013) After 45 days, the lettuce plants were collected and the aerial part separated from the roots. The parameters evaluated were: fresh and dry weight of the aerial part, fresh weight of the root, galls and eggs+J2 number per root and eggs+J2 number/g root.
The fresh and dry weight of the aerial part was determined with the aid of a semi analytical balance. The dry weight was obtained after drying in forced air flow oven, at 65ºC, until constant weight. The root system was carefully washed, placed on absorbent paper to remove the excess water, and the fresh weight was then determined. Subsequently, the number of galls was determined and nematode extraction was performed according to the previously cited methodology. Finally, the number of eggs and juveniles was quantified in Peter's chamber, under an optical microscope; the total number of eggs and juveniles were divided by the root weight and the parameter eggs (eggs+J2) per gram of roots was obtained.
The data obtained were subjected to analysis of variance at 5% probability and when it was observed significance, we used quadratic regression in the dosage analysis and t-test at 5% probability to times of application. When there was interaction between the factors, the effect of the doses was studied at each time of application.
RESULTS AND DISCUSSION
There was no interaction between doses and time of application, regardless of the site of cultivation. The factor time of application was significant for fresh weight of root and number of galls per root system, in the experiment conducted in the plastic greenhouse without shading and for fresh weight of the aerial part for growing in plastic greenhouse with shading. For root weight, growth reduction was observed when bokashi was applied at both times, with values of 3.55 and 2.50 g for one and two applications, respectively. On the other hand, in the experiment conducted with shading there was increase in the dry weight of the aerial part when the product was reapplied, with means of 22.64 and 33.99 g for one and two applications, respectively. For galls per root system, the values were 8.56 and 5.06, for one and two applications.
Except for the fresh weight of root in the experiment with shading, all the other parameters evaluated, in both experiments, were affected by the dose of the product. Thus, the highest fresh weight of the aerial part was obtained with bokashi doses of 14.69 and 12.38 g/plant, for plants grown without and with shading, respectively (Figure 1 ). In turn, for the dry weight of the aerial part, the respective maximum results were 11.01 and 11.69 g of bokashi (Figure 2) . The root weight was only affected when lettuce was grown without shading, with the highest result of 17.42 g ( Figure  3 ). Possibly because the lettuce is a plant adapted to conditions of lesser radiant energy flow and when the plant is cultivated in an ideal brightness variation, the photosynthesis is high and the respiration is normal, resulting in increased crop yields (Bezerra et al., 2005) .
In the cultivation of lettuce without shading, increase in dose from 0 to 10 g of bokashi increased by 4.3 times the weight of the aerial part, while in cultivation with shading this increase was 3.6 times. The beneficial effect of bokashi on lettuce growth was previously reported when 20 g of the product were applied per pot with 2 L of soil, with increases in doses from 0.66 to 26.15 g and 2.52 to 26.71 g, in experiments conducted in different periods (Dias-Arieira et al., 2015) . In addition to lettuce, bokashi promoted increase in the vegetative growth of tomato plant when used in the substrate composition for seedlings (Zandron et al., 2003) or in planting (Roldi et al., 2013) .
Bokashi is composed of products of proven beneficial effect on plant growth, including castor bean cake (Dutra et al., 2006; Lopes et al., 2009) and bone meal (Almeida et al., 2012) , and the positive effect of the product on tomato yield was previously attributed to nutrient release in the decomposition process (Zandron et al., 2003) , which can interfere with the biomass accumulation in lettuce crop (Caron et al., 2004) .
From chemical analysis of bokashi it can be inferred that, in addition to providing essential nutrients, the compost has high concentration of organic matter and low C:N ratio, indicating that the product decomposes in a short time, allowing quick release of nutrients for the plant (Villas Bôas et al., 2004) ; this can be especially important for short cycle plants such as lettuce. Santi et al. (2010) reported a higher fresh weight of the aerial part of different lettuce varieties with the use of manure, whose C:N ratio was lower than that of another material investigated (sawdust). Similar results were observed by Araújo et al. (2008) , who worked with three different sources of organic matter that had different C:N ratios in lettuce.
Despite the beneficial effects of bokashi, care must been taken with the use of high doses, particularly for products with high concentration of manganese and iron. Excess iron in the solution can favor a balance shift of redox reactions towards oxidation, and the plant has morphological, biochemical and physiological responses, leading to oxidative stress (Hell & Stephan, 2003). Excess manganese, in turn, accumulates in plant leaves, resulting in growth reduction of the aerial part and sometimes the root system (Marschner, 1995) . Moreover, excess manganese can reduce root absorption of iron and magnesium, reduce photosynthetic activity by the reduced production of chlorophyll and auxins (Marschner, 1995; Escosteguy et al., 2006) , which can explain the reduction in lettuce growth following the application of higher doses of bokashi (>15 g) observed in this study.
A greater reduction in the number of galls per root system was observed after the application of bokashi at doses 13.74 and 15.22 g, in the experiment with and without shading, respectively (Figure 4) , and regarding the number of eggs + J2 per root system, significant reduction occurred after application of 13.04 and 13.57 g of bokashi ( Figure 5 ). Above these doses, there was increase of nematodes, possibly due to toxic effect on the plants discussed previously. Recently, it was reported that the application of 20 g of bokashi/pot containing 2 L of soil reduced the M. incognita reproduction in lettuce in two experiments conducted in different periods (Dias-Arieira et al., 2015) . In tomato, the reproduction of M. incognita was also reduced with the use of 20 g/plant: the number of eggs+J2/g decreased from 5857.8 to 251.4 in treated and non-treated plants, respectively, and the presence of castor bean cake being considered one of the likely factors that act on nematodes (Roldi et al., 2013) , since the efficiency of castor bean cake in the control of plant-parasitic nematodes was demonstrated in several studies involving different pathosystems (Dutra et al., 2006; Lopes et al., 2009; Roldi et al., 2013) . Lopes et al. (2009) observed reductions of 18 and 48% in the number of eggs of M. incognita in tomato plant treated with 0.5 and 1.0% of castor bean cake, respectively, which can explain the decrease of up to 77% in the number of eggs + J2/g of root in the present study after treatment with bokashi.
Another component of bokashi that may have contributed to the reduction in nematode presence is bone meal, as it has significantly reduced the presence of Meloidogyne enterolobii (=M. mayaguensis) in guava (Gomes et al., 2009) . Similar results in the same pathosystem, under controlled conditions, were obtained with the use of meat and bone meal at the concentration of 3% (v:v) (Almeida et al., 2012) . In the field, the application of meat and bone meal at the dose of 50 kg/tree semiannualy reduced the number of plant-parasitic nematodes and the increase of bacterial-feeding nematodes (Almeida et al., 2013) .
Besides the aforementioned factors, it should be stressed that the micronutrients in the product can increase plant resistance to nematode attack, acting directly on the cell structure, or indirectly in pathogen resistance induction (Barker & Pilbeam, 2007) . Also, it should be noted that the addition of compounds with high levels of organic matter can be disadvantageous for the development of nematodes (Nico et al., 2004) , and that the low C:N ratio may have promoted the fast release of compounds rich in nitrogen, such as urea and ammonium nitrate during the decomposition of bokashi, which may have contributed to the results, since ammonium nitrate can promote cell plasmolysis in nematode cells (Spiegel et al., 1987) . Furthermore, it is important that the organic amendments stimulate the activities of microorganisms that are antagonistic to plant-parasitic nematodes, especially fungi, bacteria and predatory nematodes (Oka, 2010) .
We concluded that the use of bokashi promoted improvements in plant development and in nematode control.
The highest increase in vegetative growth was obtained with bokashi applied at a dose of approximately 14 g and there was increase in fresh weight of the aerial part when it carried out two applications. An application dose between 13 and 14 g/pot promoted decrease in M. javanica reproduction in lettuce. 
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